We study a periodically driven central site coupled to a disordered environment. In comparison to the static model, transport features are either enhanced or reduced, depending on the frequency of the drive. We demonstrate this by analyzing the statistics of quasienergies and the logarithmic entanglement growth between bipartitions, which show similar features: For frequencies larger than disorder strength, localization is enhanced due to a reduced effective coupling to the central site. Remarkably, localization can even be increased up to almost perfect freezing at particular frequencies, at which the central site decouples due to the emergence of "dark Floquet states". This high-frequency domain of our model is bounded by a critical frequency ωc, where transport increases abruptly. We demonstrate that ωc is determined by one-photon resonances, which connect states across the mobility edge. This sensitive frequency dependence allows us to fine tune transport properties of the driven central site model, by unprecented precision.
Introduction.-The study of the dynamics of disordered quantum systems has proven itself to be one of the most interesting phenomena in condensed matter physics. Starting with the paradigm shift given by the discovery of Anderson localization [1] , a great effort was put into the investigation of transport properties of disordered solid state systems, leading to many remarkable discoveries [2] [3] [4] . Recently, disordered systems became a platform where to address even more fundamental questions. In this respect, the main example is the thermalization of quantum systems. Indeed, it came as a surprise the fact that systems undergoing many-body localization, an interacting generalization of Anderson localization, do not experience local thermalization of observables and keep memory of their initial correlations [5] . It is then natural to investigate how disordered systems behave in the presence of one of the most basic non-equilibrium protocols, namely periodic driving. In that case, novel phenomena that are completely driving-induced, such as discrete time crystals, have been proposed [6] [7] [8] and observed [9] . Remarkably, the degree of localization of a quantum system, can be controlled to some extent by an external drive [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , even across a phase transition.
We focus on the physics properties established by a periodic drive of a disordered variant of the FanoAnderson model [21] : the disordered central site model (DCSM) [22] . This model is interesting for fundamental reasons such as the analysis of the stability of manybody localization [22] [23] [24] , and for its relevance to describe central spin setups [25, 26] . The non-interacting DCSM displays already most of the distinctive features of the interacting central spin model: It manifests for instance critical properties that are in between Anderson localized and extended phases, such as multifractal eigenstates and a logarithmic growth of entanglement entropy [22] . These properties descend purely from its starlike topology: central site couples equally strong to each site of a localized one-dimensional chain. In this work, we study the response of the DCSM to a periodic drive.
Specifically, we choose to drive the central site potential.
Our findings show that the driving frequency ω has an intense impact on the transport features of our model. We quantify our results by means of the growth of entanglement entropy between bipartitions and the amount of level repulsion inside the Floquet eigenvalue spectrum. Upon varying ω from infinity to energy scales that are within the bandwidth of the one-dimensional chain, transport is reduced in a power-law fashion with respect to the undriven model. Remarkably, for some special combination of driving amplitude and frequency, localization increases up to a point where the system becomes almost perfectly frozen. We demonstrate that in this case the central site, without which transport is absent, undergoes a dynamical decoupling from the chain. This increase of localization is contrasted by the onset of single-and multi-photon resonances as ω is decreased, even though we find that only those resonances that connect states across the mobility edge of the spectrum effectively delocalize the system. Remarkably, both effects, the dynamical decoupling and the resonances can be found at the same critical frequency ω c . Hence. the system jumps abruptly from a frozen into a mobile phase of strong transport. Therefore, the driven central site enables us to switch precisely between phases of high and low transport in disordered systems.
Model.-The first ingredient of the disordered central site model is a one-dimensional disordered chain,
where 
where A and ω are the driving amplitude and frequency and sgn is the signum function. Thus, the central site couples directly to the eigenstates of H 0 . Further, we measure energies in units of the coupling to the central site m, i.e. m = 1. We then calculate numerically the stroboscopic dynamics, taking advantage of the Floquet theorem: the Floquet operator, namely the evolution operator over one period τ F ≡Û (τ + t 0 , t 0 ), gives access to the evolution operator over n periods viaÛ (nτ + t 0 , t 0 ) =F n . The Floquet operator can be written in the spectral representation as:F = α exp (−iE α τ ) |φ α (t 0 ) φ α (t 0 )|, where E α are called quasienergies, while the states |φ α , which are periodic in time, are called Floquet modes. The quasienergies are defined modulo ω = 2π/τ . In the following, we compute the full Floquet spectrum by means of exact diagonalization, which allows us to study all dynamical and spectral properties of this model. Notably, we average over many disorder realizations until our results saturate.
Localization measures.-For A = 0, the central site model possesses a mobility edge with delocalized states in the center of the spectrum [22] . This is because, for A = 0, the central site mixes preferentially those Anderson states that are energetically close to it. If we now use an amplitude of A > W , the central site jumps between both sides of the band of H 0 , such that it is never energetically close to the spectrum. Yet we find that only Floquet states with a quasienergy close to zero mix and yield transport features. We show this in Fig. 1 , where we illustrate the statistics of the gaps g i = E i+1 − E i of the corresponding quasienergies E i . In Fig. 1 , we employ r = min[g i , g i+1 ]/ max[g i , g i+1 ] as an indicator for level repulsion. We find that as ω is decreased from ω → ∞, the level repulsion region shrinks up to a point where the entire spectrum shows Poisson statistics, i.e. the system is localized. Upon reducing the value of the driving frequency, level repulsion is suddenly reestablished at a critical frequency ω c .
We demonstrate in Fig. 2 that this effect has also drastic impact on the dynamical features of the model. The DCSM is known to show a logarithmic growth of entanglement entropy between two contiguous halves H A , H B of a bipartition H = H A ⊗ H B of the entire Hilbert space H. The entanglement is thereby quantified by means of the von Neumamnn entropy
Here, ρ A = tr B [|ψ(t) ψ(t)|] is the reduced density matrix of the time-evolved state |ψ(t) = exp(−iHt)|ψ 0 and |ψ 0 are random many-particle eigenstates of H 0 at half filling. For ω ω c , the growth of entanglement entropy is drastically reduced and shows an almost frozen regime before the typical logarithmic growth sets in. Due to the level repulsion that suddenly sets in for values ω ω c , the resulting dynamical features resemble the case of the undriven DCSM, c.f. Fig. 2 .
In the following, we demonstrate that these findings can be explained by an interplay of several Floquet features. For ω ω c , we will show that the driving effectively reduces the coupling strength of the central site with respect to the undriven model, thus enhancing localization. This tendency is boosted by the existence of so called dark Floquet states, which give rise to the freezing effect. For ω = ω c , single photon resonances that couple states across the mobility edge give rise to the sudden jump in transport properties. Let us develop some analytical understanding of these numerical observations.
Large-frequency expansion.-We start examining the effect of the drive at large frequencies, where perturbative arguments can be made. Concretely, we study ω A, W, 1. Firstly, at ω → ∞, we recover results of the undriven model, where the central site is in the center of the band. This is because at infinite frequency, any periodically driven system responds as if there is a quench of the period-averaged Hamiltonian [28] . Considering effects up to 1/ω 2 within a Baker-Campbell-Hausdorff expansion, we find that the model can be described by simply rescaling the coupling to the central site as
The details of the expansion and the interpretation of the imaginary part of the hopping can be found in the Supplementary Material. As studied in Ref. [22] , the dynamical properties of the system depend on second order processes in the coupling to the central site. Therefore,
is effectively reduced by the drive. Consequently, a periodic drive enhances the degree of localization at large values of the frequency. Indeed, if the value of ω is decreased, the picture of a resting central site in the center of the band becomes less valid, while its absence in the center establishes an energetic mismatch of the order of A. This perturbative regime is valid as long as ω defines the largest energy scale. The analytic prediction made in Eq. (5) is numerically testable in various ways. Among the above mentioned properties that scale as |m| 2 in the undriven model, there is the width of the window of level repulsion inside the spectrum as well as slope and saturation value of the entanglement entropy [22] . In Fig. 3 , we therefore study the resulting reduction of entanglement entropy (upon reducing ω) until the disorder strength becomes a comparable energy scale and single photon resonances play a role. The best fit of the data agrees with Eq. (5) and we obtain similar results for the width of the level repulsion within Fig. 1 (not shown). n-photon resonances.-n-photon resonances change transport features due to the mixing of otherwise offresonant degrees of freedom E 2 − E 1 = nω at frequency ω. Therefore, one expects the effect of single photon resonances to set in at frequencies that match the single particle spectral bandwidth 2W . However, in the disordered central site model, the coupling is established by the central site, which is effectively at energy zero. A single photon resonance between the edges of the energy spectrum ±W is thus energetically suppressed by the coupling through the central site. In contrast, at frequencies
n-photon resonances effectively map states from the edge of the spectrum into the center of the band, where mixing occurs. This gives rise to a drastic increase of transport, as seen in each of our figures. We note that the abrupt increase of transport is due to the uniform density of states in our model: reducing the frequency over ω c := ω r 1 , an extensive amount of states is energetically mapped into the center of the spectrum, where the central site enables mixing. In Fig. 3 , we show the first 10 resonances ω r n for the saturation value S ∞ and the slope s of the logarithmic entanglement growth S(t) ∼ s ln t.
Dark Floquet states.-As argued before, the first photon-induced resonance is always located at ω c = W . The associated sudden discontinuity in localization measures is particularly evident in Fig. 1 and Fig. 2 , where freezing sets in at ω ω c . In the therein presented data, we have in fact maximized the degree of localization by choosing values of A that induce an additional negative resonance. As shown in Fig. 4 , these resonances appear at frequencies ω dfs n ≈ A/(2n), a fact that cannot be explained with the perturbative approach of Eq. (5), since A ω. In the following we explain this freezing effect as a sort of dynamical decoupling between the central site and its environment [29] . Within the first or second half of a driving period, H(t) is time-independent, such that results of the undriven model can be employed. In Ref. [22] , it was shown that the effective dynamics can be understood by virtue of the interplay between two/three sites only, including the central site. This is because all other sites are energetically off-resonant and couple only in higher orders of the weak coupling constant m.
We therefore consider a single fermion on a lattice site i with potential h i . Its probability to be measured on the central site c after time t is, neglecting the rest of the system, given by
where ∆ ± = ±A − h i is the potential difference between the two sites. This undriven model thus possesses an intrinsic resonance frequency ν ± = ∆ 2 ± + 4m 2 /2. If the external driving frequency ω is an integer divisor of ν + , i.e. ω dfs n = ν + /n = ∆ 2 ± + 4m 2 /(2n), the fermion arrives back at its initial state just at the time T /2 = π/ω dfs n , at which the central site potential changes sign inĤ 1 .
This simplistic explanation, however, does not take into account the fact that for any h i = 0 the intrinsic frequencies differ. Their relative difference
becomes negligible for A m, h. Moreover, a careful series expansion of the 2 × 2 Floquet operator of this toy model reveals that
such that the Floquet eigenstates are almost perfectly localized on real space sites. Thus, the above described mechanism is robust under distinct intrinsic frequencies ν ± within two different parts of the driving period. The eigenvalue that corresponds to the Floquet eigenstate localized on the central site, obeys a complex phase of
, yielding a quasienergy of zero. A decoupled degree of freedom with zero quasienergy has been dubbed 'dark Floquet state' [30] . In our model, this dark state has approximately overlap one with the central site. Therefore, at frequencies ω dfs n ≈ A/(2n), transport features drop due to a dynamical decoupling of the central site. This is the main result of our work. We remark that this suppression of transport, differs substantially from the usual coherent destruction of tunnelling, since the latter is associated with the existence of degenerate quasienergies [31, 32] .
Conclusions.-We have studied the effects of driving the central site potential in the disordered central site model. The crucial role played by the central site in enabling transport in the system, results in an enhancement of localization as the frequency is decreased from +∞. In particular, we find that for some specific values of frequency and amplitude, the central site is dynamically decoupled from the disordered chain, implying an almost perfect suppression of transport. This fact is due to the appearance of a Floquet state with zero quasienergy and overlap ≈ 1 with the central site, analogously to what has been called dark Floquet state [30] . When the frequency is sufficiently lowered, a series of multiphoton resonances across the mobility edge oppose to this trend, resulting in a significant increase of transport. Hence, the dynamical control properties of our model is exceptional.
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where H 1/2 are
Using the standard BCH formula we obtain, up to second order in 1/ω,
The commutators are easily computed as
yielding the Floquet Hamiltonian
As we mention in the main text, the first order correction gives an imaginary hopping term, breaking timereversal symmetry (TRS). However, this is only apparent, because this term depends on the initial time, while the long-time dynamics should not. Changing the initial time is equivalent to a gauge transformation [1] on H F . Indeed, if one, for example, moves the initial time at τ /2, this term changes its sign. Many quantities must be gauge independent, e.g. should not depend on the initial time of the driving. One example are the quasienergies, which we have used as a measure of localization through their gap statistics. If one is instead interested in an expansion which is gauge invariant, a tripartition of the Floquet operator must be employed [1, 2] :
.Ŝ are called kick operators, while the new HamiltonianĤ F does not depend on the initial time t 0 anymore. For our model, this procedure essentially consists of keeping inĤ F only the second order real term. On the other hand, the kick operators will contain, among others, the first order term. In this way, one can separate between long time effects and intraperiod ones. For simplicity, we display in the main text the BCH result, as the localization behaviour does not change qualitatively. 
